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Abstract
We consider the time-dependent analysis of Bd → KS`` taking into account the time-evolution
of the Bd meson and its mixing into B¯d. We discuss the angular conventions required to define
the angular observables in a transparent way with respect to CP conjugation. The inclusion of
time evolution allows us to identify six new observables, out of which three could be accessed
from a time-dependent tagged analysis. We also show that these observables could be obtained
by time-integrated measurements in a hadronic environment if flavour tagging is available. We
provide simple and precise predictions for these observables in the SM and in NP models with
real contributions to SM and chirally flipped operators, which are independent of form factors and
charm-loop contributions. As such, these observables provide robust and powerful cross-checks
of the New Physics scenarios currently favoured by global fits to b → s`` data. In addition,
we discuss the sensitivity of these observables with respect to NP scenarios involving scalar and
tensor operators, or CP-violating phases. We illustrate how these new observables can provide a
benchmark to discriminate among the various NP scenarios in b→ sµµ.
1 Introduction
The b → s`+`− transitions have been the focus of an intense theoretical and experimental activity
over the last few years. Indeed, this Flavour-Changing Neutral-Current transition is CKM and loop
suppressed in the SM and therefore very sensitive to New Physics (NP). Processes involving b →
sµ+µ− at the quark level have been measured by several experiments, showing a series of deviations
from the SM in the branching ratios for B → Kµ+µ− [1], B → K∗µ+µ− [1–3], Bs → φµ+µ− [4]
as well as for the optimised angular observables [5, 6] in B → K∗µ+µ− [7–11]. Bs → µµ seems
also below the SM expectations [12–14]. Moreover, the comparison of b → sµ+µ− and b → se+e−
through the measurements of RK [15], RK∗ [16] and B → K∗`+`− angular observables [17, 18] for
several values of the dilepton invariant mass hint at a violation of lepton flavour universality (LFU).
These deviations from the SM can be explained in a consistent and economical way within a model-
independent effective field theory approach. They need only a few shifts in the Wilson coefficients
describing short-distance physics, as could be expected from New Physics (NP) violating lepton
flavour universality and coupling to muons but not (or marginally) to electrons (see the updated
results in Ref. [19] and other works in Refs. [20–29]). The corresponding violation of LFU between
muons and electrons is indeed significant, around 25% of the SM value for the semileptonic operator
O9µ, with several scenarios showing an equivalent ability to explain the observed deviations [30].
It is thus of primary interest to confirm and constrain further the scenarios of New Physics in
b→ s`+`− transitions. On the theory side, an ongoing effort is carried out to sharpen the predictions
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on the hadronic contributions to these decays (form factors, charm-loop contributions). On the
experimental side, one can collect more data (as already done by LHCb, CMS and ATLAS), exploit
different experimental environments (in particular Belle II) and add new observables (for instance
LFU angular observables [31]). An interesting example is provided by the recent consideration of
Λb decays as an additional probe of b → sµµ transitions benefiting from different theoretical and
experimental systematics, such as Λb → Λ(→ ppi)µµ [32–38] and Λb → Λ(1520)(→ pK)µµ [39–42]. If
we remain in the domain of meson decays, it is possible to consider higher-mass resonances [43–47],
with the issue of determining the corresponding hadronic contributions appropriately [48].
Another way of building new observables has also been discussed in Ref. [49] by exploiting neutral
B-meson mixing and considering time-dependent observables. This was applied to decays of light
vector resonances into CP eigenstates such as Bd → K∗0(→ KSpi0)µµ and Bs → φ(→ KK)µµ.
The general discussion of CP violation comparing time-integrated and time-dependent observables
sheds some light on the interest of such new observables: they correspond to CP violation in the
interference between decay and mixing, they contain additional information not present in time-
integrated observables (in particular concerning CP-odd “weak” phases) and they are not sensitive
to the same hadronic uncertainties. In the context of B → K∗µµ, they lift some of the degeneracies
among (time-integrated) angular observables that prevent us from separating the contributions from
various helicity amplitudes [5].
In this article, we are going to follow the steps of Ref. [49] to analyse the simpler case where a
neutral meson decays into a (CP-eigenstate) (pseudo)scalar meson and a lepton pair. Although our
formalism is general, we will consider mainly Bd → KSµµ for illustration, since the (time-integrated)
angular analysis of this decay has already been performed by LHCb using 3 fb−1 of integrated
luminosity [50]. We will see that a time-dependent analysis of this decay yields 6 new observables,
out of which 3 are promising experimentally. The very simple structure of these observables will
allow us to show that they are very well determined within the Standard Model and that deviations
from SM expectations can be analysed to determine whether scalar and tensor contributions or NP
phases are involved.
In Sec. 2, we recall the angular analysis of B → K`` without mixing, i.e. the charged case,
highlighting the angular convention required to connect CP-conjugate modes and the status of the
hadronic inputs needed for the theoretical computation. In Sec. 3, we extend the discussion to the
neutral case with mixing, discussing the CP-parity of the final state and deriving the 6 new time-
dependent observables that can be measured in principle. In Sec. 4, we focus on three of these
new observables which are very precisely determined in the SM and can be used to probe various
NP hypotheses (scalar and tensor contributions, NP “weak” phases), before concluding in Sec. 5.
The appendix shows that our conclusions are not affected by the choice of a model for charm-loop
contributions
2 Angular analysis of B± → K±``
2.1 Amplitude analysis
The b→ s`` transitions are described by the usual weak effective theory (WET), with SM operators
plus (potentially) NP operators with a chirally-flipped, scalar or tensor structure [51]:
Heff = −4GF√
2
[
λu [C1(Ou1 −Oc1) + C2(Ou2 −Oc2)] + λt
∑
i∈I
CiOi
]
, (1)
where λq = VqbV
∗
qs and I = {1c, 2c, 3, 4, 5, 6, 8, 7, 7′, 9`, 9′`, 10`, 10′`, S`, S′`, P `, P ′`, T `, T ′`}. The
contribution proportional to λu is doubly Cabibbo suppressed and thus neglected in the following.
The operators O1,..,6 and O8 are hadronic operators of the type (s¯Γb)(q¯Γ′q) and (s¯γµνTaPRb)Gaµν
respectively. These operators are not likely to receive very large contributions from NP, as these
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would show up in non-leptonic B decay amplitudes (see Refs. [52–54] for a discussion of the room
left for NP in these operators). The main operators of interest O7(′),9(′),10(′),S(′),P (′),T (′) are given by:
O7(′) =
e
(4pi)2
mb[s¯σ
µνPR(L)b]Fµν , OS(′)` =
e2
(4pi)2
[s¯PR(L)b][¯``] ,
O9(′)` =
e2
(4pi)2
[s¯γµPL(R)b][¯`γµ`] , OP (′)` =
e2
(4pi)2
[s¯PR(L)b][¯`γ5`] , (2)
O10(′)` =
e2
(4pi)2
[s¯γµPL(R)b][¯`γµγ5`] , OT (′)` =
e2
(4pi)2
[s¯σµνPR(L)b][¯`σ
µν`] .
In the SM, and at a scale µb = O(mb), the only non-negligible Wilson coefficients concerning the
operators of Eq. (2) are CSM7 (µb) ' −0.3, CSM9 (µb) ' 4.1 and CSM10 (µb) ' −4.3 – the precise values
are given in Table 1 and are identical for ` = e and ` = µ due to the universality of lepton couplings
in the SM. All the Wilson coefficients might be affected by NP contributions, which can also violate
Lepton Flavour Universality and be different for ` = e and ` = µ. For simplicity, in the following,
we will omit the index ` if the context is clear enough to determine whether we consider a generic
lepton or the specific case ` = µ.
Contributions from the semileptonic operators are factorizable and their matrix elements can be
written as
〈K``|Osl|B〉 = 〈K|ΓA|B〉〈``|Γ′A|0〉 , (3)
where A denotes a collection of Lorentz indices and Γ,Γ′ are Dirac matrices. It is clear that all
hadronic, dipole, and semileptonic contributions can be recast as decays of the form
B → KN(→ `+`−) , (4)
where N has the quantum numbers of a boson, whose coupling pattern is determined by the operators
arising in the effective Hamiltonian. In the SM, the structure of O7,O9,O10 shows that N are spin-1
particles, coupling to both left- and right-handed fermions. This is in agreement with the presence of
γ∗ and Z penguin contributions, but it is also able to reproduce the contribution from box diagrams
involving two W bosons and a neutrino ((V −A)(V −A) structure in the SM). In an extension of the
SM yielding scalar (tensor) operators, one should add N bosons with spin 0 (spin 2 respectively) [47].
We can exploit Ref. [47] in order to extract information starting with the charged decay. The
angular distribution for B− → K−`` is
d2Γ(B− → K−``)
dq2 d cos θ`
= G¯0(q
2) + G¯1 cos θ` + G¯2
1
2
(3 cos2 θ` − 1) =
∑
i=0,1,2
G¯i(q
2)Pi(cos θ`) (5)
where Pi denotes the i-th Legendre polynomial in terms of the angle θ` describing the emission of
one of the charged leptons (its precise definition will be discussed in the following) and q = pB − pK
is the momentum transfer. We have
G¯0 =
4
3
(
1 + 2mˆ2`
) ∣∣h¯V ∣∣2 + 4
3
β2`
∣∣h¯A∣∣2 + 2β2` ∣∣h¯S∣∣2 + 2 ∣∣h¯P ∣∣2
+
8
3
(
1 + 8mˆ2`
) ∣∣h¯Tt∣∣2 + 43β2` ∣∣h¯T ∣∣2 + 16mˆ` Im [h¯V h¯∗Tt] ,
G¯1 = −4β`
(
2mˆ` Re
[
h¯V h¯
∗
S
]− Im [2h¯Tt h¯∗S +√2h¯T h¯∗P ]) ,
G¯2 = −4β
2
`
3
(∣∣h¯V ∣∣2 + ∣∣h¯A∣∣2 − 2 ∣∣h¯T ∣∣2 − 4 ∣∣h¯Tt∣∣2) , (6)
where we have used the notation:
mˆ` =
m`√
q2
, β` =
√
1− 4mˆ2` . (7)
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The matrix elements relevant to B¯ → K¯ transition yield the following form factors in the standard
parametrisation:
〈K−(p)|s¯γµb|B−(pB)〉 = (pB + p)µ f+(q2) +
m2B −m2K
q2
qµ
(
f0(q
2)− f+(q2)
)
,
〈K−(p)|s¯σµνb|B−(pB)〉 = i
[
(pB + p)µ qν − (pB + p)ν qµ
] fT (q2)
mB +mK
,
〈K−(p)|s¯b|B−(pB)〉 = m
2
B −m2K
mb −ms f0(q
2) , (8)
We find
h¯V = N
√
λB
2
√
q2
(
2mb
mB +mK
(C7 + C7′)fT + (C9 + C9′)f+
)
,
h¯A = N
√
λB
2
√
q2
(C10 + C10′)f+ ,
h¯S = Nm
2
B −m2K
2
(
(CS + CS′)
mb −ms
)
f0 ,
h¯P = Nm
2
B −m2K
2
(
(CP + CP ′)
mb −ms +
2m`
q2
(C10 + C10′)
)
f0 ,
h¯T = −iN
√
λB√
2 (mB +mK)
(CT − CT ′) fT ,
h¯Tt = −iN
√
λB
2 (mB +mK)
(CT + CT ′) fT , (9)
with the normalisation factor N ,
N = −αGF
pi
V ∗tsVtb
√
q2β`
√
λB
210pi3m3B
, (10)
where λB ≡ λ(m2B,m2K , q2) (with λ(a, b, c) is the Ka¨lle´n-function) is related to the absolute value of
the three-momentum of the K∗. Note that the normalisation factor N disagrees with (the square
root of) the normalisation factor of Ref. [47] by a factor 2
√
2, but it is in agreement with Refs. [58,67].
Following Ref. [47], we use the LHCb conventions for the charged case, so that θ` is defined as the
angle between the `− three-momentum and the opposite of the B− three-momentum in the dilepton
rest frame in the case of B− → K−``, but `+ and B+ in the case of B+ → K+``. With this con-
vention, d2Γ(B+ → K+``)/(dq2 d cos θ`) has the same expression as d2Γ(B− → K−``)/(dq2 d cos θ`)
above, up to the replacement of the angular coefficients G¯ depending on h¯ by G depending on h.
The h amplitudes are obtained from the h¯ amplitudes by performing a complex conjugation of all
the weak phases (this applies to N but also to the weak phases in the Wilson coefficients in the
case of CP-violating New Physics). On the other hand, strong phases, in particular those stemming
from charm loops generated by the four-quark operators and combining with C9 in the expressions of
the angular observables, are the same in h and h¯. If all CP violating effects are neglected, one gets
Gi = G¯i.
2.2 Hadronic inputs
In order to compute the amplitudes and the angular observables defined above, we need hadronic
inputs for f+,0,T . We may use the form factors obtained in Ref. [55] (for f+ and fT ) and Ref. [56] (for
f+, f0 and fT ). Both perform light-cone sum rules determinations at low q
2, using sum rules based
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Figure 1: f0/f+ (purple) and fT /f+ (orange) form factors ratios for B → K with a lattice QCD and
LCSR combination from Ref. [56] and fT /f+ (blue) coming from Ref. [55].
on light-meson and B-meson distribution amplitudes, respectively. The authors of Ref. [56] combine
their results with lattice QCD determination at high q2 (coming from Ref. [57]). The observables built
as ratios of angular coefficients Gi depend actually on the ratios of form factors f0/f+ and fT /f+. It
turns out that fT /f+ has little q
2-dependence and is very close to 1 within the uncertainties quoted,
in agreement with the earlier discussion in Ref. [58] and with the expectations at low q2 (large K
recoil) from Soft-Collinear Effective Theory [59,60] and at high q2 (low K recoil) from Heavy Quark
Effective Theory [61]. On the other hand f0/f+ has a linear dependence on q
2, so that a noticeable
q2 dependence of ratios of angular observables Gi could be the sign of significant scalar/pseudoscalar
contributions.
We have not explicitly indicated the contribution from cc¯ loops which adds a q2-dependent con-
tribution to the coefficient C9, which features both a real and an imaginary part coming from strong
phases. The size of this contribution has been under discussion for B → K∗`` (see Ref. [62] and
references therein for a recent discussion). For B → K`` at large recoil, the current estimates from
light-cone sum rules [63, 64] suggest a contribution of order 10% percent of C9, with a moderate
dependence on the dilepton invariant mass q2. For instance, within [1,6] Gev2, the range of variation
remains within:
LCSR contrib. for q2 ∈ [1, 6] GeV2 : Re Ccc¯9 = −0.26± 0.10 , Im Ccc¯9 = −0.49± 0.27 . (11)
where we set the central value and range to cover the values from Ref. [64]. These results can be
compared with the results obtained by considering only the perturbative part of te cc¯ contribution,
for instance
Perturbative contrib. at q2 = 1 GeV2 : Re Ccc¯9 = 0.16, Im Ccc¯9 = 0.17 . (12)
q2 = 6 GeV2 : Re Ccc¯9 = 0.11, Im Ccc¯9 = 0.17 . (13)
to which we do not attempt to assign a meaningful theoretical uncertainty.
These results are similar in size (' 10%) to the expected impact of charmonium resonances at
low K-recoil of a few percent based on quark-hadron duality [65]. They are also in line with the
dimensional estimates based on the 1/mb suppression of these contributions. In the following, we
will take the following estimate for the SM value of C9 including the effect of cc¯ resonances both at
low and large K-recoil:
Our estimate : CSM9 = CWET9 (1 + ρeiφ) , ρ ∈ [0, 0.1] , φ ∈ [0, 2pi] , (14)
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where CWET9 corresponds to the outcome of the WET computation given in Table 1. This simple
order-of-magnitude estimate does not include any q2-dependence, as would be expected for a proper
description of the cc¯-loop contributions [62]. The alternative estimates Eqs. (11) and (12) will be used
only to check that our results depend only very mildly on the model used for charm-loop contribution.
Obviously, Eq. (14) does not hold in the charmonium resonance region, where the cc¯ pair becomes
resonant and yields contributions that are much larger [66].
2.3 Observables
The angular observables Gi can be recast into more traditional forms. In addition to the decay rate
and the forward-backward asymmetry, a third observable can be built from the B± → K±`` angular
analysis [67]. The corresponding CP-averaged observables have the following expressions in terms of
the angular coefficients:
Γ` = G0 + G¯0 , A
`
FB =
G1 + G¯1
2(G0 + G¯0)
, F `H = 1 +
G2 + G¯2
G0 + G¯0
, (15)
leading to
d2Γ(B− → K−``)
dq2 d cos θ`
+
d2Γ(B+ → K+``)
dq2 d cos θ`
= 2Γ`
[
1
2
F `H +A
`
FB cos θ` +
3
4
(1− F `H)(1− cos2 θ`)
]
. (16)
As can be seen from the above equations, in the absence of tensor and scalar contributions and
neglecting mˆ` corrections which are relevant only at very low q
2, one has the simple relations
G¯0 = −G¯2 + 2|h¯P |2 ' −G¯2 , G¯1 = 0 (17)
(and the same for Gi). The observable F
`
H is proportional to (G0 + G¯0) + (G2 + G¯2), and thus probes
the first relation in Eq. (17). A non-vanishing value of F `H can be attributed to NP in tensor and/or
scalar contributions. On the other hand, a non-vanishing A`FB, related to G1 +G¯1, probes the second
relation in Eq. (17) and would be a clear signal of New Physics from scalar or tensor contributions,
but we can see from Eq. (6) that they should correspond to very large scalar contributions (to beat
the m`-suppressing factors) and/or to (pseudo)tensor and (pseudo)scalar contributions.
One can also think of building CP-violating observables of the form
Ai =
Gi − G¯i
Gi + G¯i
. (18)
Neglecting again m`-suppressed contributions, we see that these observables probe differences of the
form |hX |2 − |h¯X |2, which vanish unless both strong and weak phases are present. It can be easily
seen that only hV involves strong phases and thus only the presence of NP phases in C7,7′ and C9,9′
can be probed by these observables.
In Appendix A we provide predictions for these observables in the SM and in a few NP scenarios.
It is quite clear that they yield rather similar central values in all scenarios, with hadronic uncer-
tainties that are rather large compared to the sensitivity to NP contributions. This makes the NP
interpretation of deviations in the measurement of these observables rather challenging.
As a conclusion, the CP-averaged observables built from the angular analysis of B+ → K+``
have interesting abilities to probe scalar and tensor NP contributions, but if deviations from the SM
are observed, these observables are not sufficient to pin down the actual source of the contributions.
The CP asymmetries associated with the same observables probe only the presence of NP phases in
a limited subset of Wilson coefficients.
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Bd → KS(L)`+`− parameters
η(KS) η(KL) φ ∆Γ x = ∆m/Γ y = ∆Γ/(2Γ) τBd [ps]
1 -1 −2β ' 0 0.769± 0.004 0.0005± 0.005 1.519± 0.004
Bs → f0`+`− parameters
η φ ∆Γ x = ∆m/Γ y = ∆Γ/(2Γ) τBs [ps]
1 2βs 6= 0 26.81± 0.08 0.0675±0.004 1.515± 0.004
CKM parameters
sin(−2β) sin(2βs) Re[Vts] Im[Vts] · 103 Vtb
−0.71± 0.01 0.0379± 0.0008 −0.0407± 0.0004 −0.75± 0.02 0.99913± 0.00002
Masses [GeV]
m¯b(mb) m¯s(mb) mµ
4.18± 0.03 0.078± 0.007 0.106
Wilson Coefficients at µ = mb
Ceff7 C9 C10
−0.292 4.07 −4.31
Table 1: Input parameters used to determine the SM predictions. Decay parameters are from [70].
CKM values are from [71], while for mb and ms we use the MS masses at mb [70]. The SM Wilson
coefficients are from Ref. [6]. The form factors (not recalled here) are taken from Ref. [56].
3 Angular analysis of Bd → KS``
3.1 From the charged case to the neutral one
Before analysing the impact of time evolution and mixing, we must first determine how the above
formulae must be adapted to the neutral case if mixing were neglected. We must perform the changes
in the equations of Sec. 2.1:
B− → B¯d , B+ → Bd , K− → K¯0 , K+ → K0 . (19)
We have then to consider the CP-states rather than the flavour states for the kaon with the following
phase convention:
|K0〉 ∼ ds¯ , |K¯0〉 ∼ sd¯ , |K+〉 ∼ us¯ , |K−〉 ∼ su¯ , (20)
so that
|KS〉 ∼ |K
0〉+ |K¯0〉√
2
, |KL〉 ∼ |K
0〉 − |K¯0〉√
2
, (21)
where we have neglected the small amount of direct CP violation in kaon decays and we used the
definition CP |K0〉 = |K¯0〉. The expressions for h¯X(B¯d → KS``) and hX(Bd → KS``) are obtained
from h¯X(B¯d → K¯0``) and hX(Bd → K0``) by dividing the normalisation N by
√
2 in both cases 1.
The latter are equal to the charged amplitudes described in the previous section in the isospin limit,
so that we have
h¯X(B¯d → KS``) = 1√
2
h¯X(B
− → K−``) hX(Bd → KS``) = 1√
2
hX(B
+ → K+``) (22)
Following Ref. [49], the discussion of Bd → KS`` requires the same convention for both Bd and
B¯d, since the decay is not flavour specific. Before taking into account mixing, and following the
1 For KL, we would obtain the amplitudes by dividing the normalisation N by −
√
2 and by
√
2, respectively.
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arguments of Ref. [49] that we will discuss extensively below, we define θ` as the angle between `
−
and KS (similarly to the case of B
+ → K+``) for both Bd and B¯d decays. This yield.
d2Γ[Bd → KS`+`−]
ds dcos θ`
=
∑
i
Gi(s)Pi(cos θ`) , (23)
d2Γ[B¯d → KS`+`−]
ds dcos θ`
=
∑
i
ζiG¯i(s)Pi(cos θ`) , (24)
where ζ0,2 = 1 and ζ1 = −1 and the Gi (G¯i) are defined in terms of hX(Bd → KS) (h¯X(B¯d → KS)).
In the absence of CP violation, we would have Gi = G¯i.
We stress that Eqs. (23)-(24) arise just from the identification of kinematics of CP-conjugate
decays, and do not rely on any intrinsic CP-parity of the initial or final states involved. We will see
now that this choice of conventions is justified by the analysis of the properties of the amplitudes
under CP conjugation.
3.2 CP-parity of the final state
We now turn to the case of decays into CP eigenstates: B → fCP . In this context, it is useful to
define two different angular coefficients G˜i, G¯i which are CP conjugates of Gi:
• the angular coefficients G˜i formed by replacing AX by A˜X ≡ AX(B¯d → fCP ) (without CP-
conjugation applied on fCP ), which appear naturally in the study of time evolution due to
mixing, where both B and B¯ decay into the same final state fCP .
• the angular coefficients G¯i, obtained by considering A¯X ≡ AX(B¯d → fCP ) (with CP-conjugation
applied to fCP ), which can be obtained from AX by changing the sign of all weak phases, and
arise naturally when discussing CP violation from the theoretical point of view.
In the case of interest, we have to consider the transversity amplitudes:
A¯X ≡ AX(B¯ → M¯`+`−) , A˜X ≡ AX(B¯ →M`+`−) , (25)
where X = V,A, S, P, T, Tt, and we have A¯X = h¯X . These two sets of amplitudes are related by
A˜X = ηXA¯X , (26)
where ηX are the CP-parities associated to the different transversity amplitudes. We follow the
arguments of Refs. [49,68] in order to determine the value of ηX . Adapting the arguments of Ref. [68]
to the decay B → MN , where M is stable (under the strong interaction) and N decays into the
dilepton pair, leads to
ηX = η(M)η(N)(−1)τ(N) , (27)
where M = KS here. The assignment of η(N) and τ(N) requires some discussion.
Concerning the parity η(N), we can start from the helicity amplitude analysis performed in
Ref. [47], associating the lepton matrix elements 〈`−(λ1)`+(λ2)|¯`ΓX`|0〉 to the amplitudes hX :
ΓS = 1, ΓP = γ5 , ΓV = γµωµ(λ) , Γ
A = γµγ5ωµ(λ) , Γ
T = σµνω1λµν , Γ
Tt = σµνωtλµν ,
(28)
where λ = λ1 − λ2 (equal to -1,0 or 1). The polarisation vectors ωµ(λ) form the usual basis for
λ = t, 0,+1,−1, with ωµ(t) = qµ/
√
q2. The rank-2 polarisation tensors ωJλµν are less familiar objects,
but they correspond to products of polarisation vectors. On one hand, we have ωtλµν = ωµ(t)ων(λ)
and on the other hand ω1λµν is a linear combination of products of polarisation vectors ωµ(λ1)ων(λ2)
with λ1 and λ2 being either 0,-1 or 1, but not timelike. This formulation allows us to determine
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X η(N) τ(N) ηX
S 1 0 η
P -1 0 -η
V 1 1 -η
A 1 1 -η
T -1 1 η
Tt 1 1 -η
Table 2: Quantum numbers and CP-parities associated with the B → M`+`− transversity ampli-
tudes. We have defined η = η(M). For Bd → KS`+`−, we have η = η(KS) = 1.
the parity η(N): since we assume that CP-parity is conserved through the decay, we can determine
the CP-parity of N through that of the lepton matrix element it couples to, taking into account the
sign difference between the time-like polarisation and the space-like polarisations. The corresponding
parities of the fermion bilinears with different Dirac matrices can easily be found in the discussion of
the Dirac algebra in textbooks on quantum field theory, for instance Ref. [69].
Concerning the transversity τ(N), we can then use the following two statements: first, the helicity
of N is λ(N) = 0 since both B and M are spin-0 mesons, and second, the antisymmetric structure
of the tensor operators means that they are set in a spin-1 representation [47]. We have thus to
determine the transversity of the intermediate state N with λ = 0, with a spin equal either to 0
(scalar, pseudoscalar) or 1 (vector, axial, tensors) and λ = 0. Following Ref. [68], it is trivial to see
that τ(N) = 0 for spin 0. For spin 1, one can see that the λ = 0 state is a superposition of states
with τ = +1 and τ = −1, meaning that one can set τ(N) = 1 for spin 1.
Putting these elements together yields the results collected in Table 2, leading to the following
CP-parities associated to the different transversity amplitudes
ηS = ηT = η(M) = η , ηV = ηA = ηP = ηTt = −η(M) = −η . (29)
where we have defined η = η(M). In the Bd → KS`+`− case, we have η(M) = η(KS) = 1.
Coming back to the definition of G¯i, we see that the two types of angular coefficients are related
through
G˜i = ζiG¯i . (30)
The number ζi (defined in Sec. 3.1 to perform the identification of the kinematics between CP-
conjugate decays) corresponds here to the product of the CP-parities of the amplitudes involved in
the interference term Gi, for i = 0, 1, 2.
3.3 CP-averaged and CP-violating angular observables
We can now check the consistency of the kinematics chosen for CP-conjugate modes in Sec. 3.1.
Indeed, since the decay is not flavour specific, an untagged measurement of the differential decay
rate (e.g. at LHCb, where the asymmetry production is tiny) yields:
dΓ(Bd → KS``) + dΓ(B¯d → KS``)
ds dcos θ`
=
∑
i
[Gi + G˜i]Pi(cos θ`) =
∑
i
[Gi + ζiG¯i]Pi(cos θ`) , (31)
if we still neglect for the moment the effects of neutral-meson mixing. The difference between the
two decay rates (which can be measured only through flavour-tagging) involves:
dΓ(Bd → KS``)− dΓ(B¯d → KS``)
ds dcos θ`
=
∑
i
[Gi − G˜i]Pi(cos θ`) =
∑
i
[Gi − ζiG¯i]Pi(cos θ`) . (32)
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A slightly counter-intuitive consequence is that the CP-asymmetry for G1 is measured in the CP-
averaged rate, and vice-versa.
We see now that the convention chosen in Eqs. (23)-(24) for flavour-tagging modes allows one to
treat on the same footing the modes with flavour tagging and the modes with final CP-eigenstates,
since the same combinations of angular coefficients occur in both cases when one considers the CP-
average or the CP-asymmetry in the decay rate.
Let us add that this results from a conventional identification between CP-conjugate decays in the
case without mixing. This freedom in the angular convention for CP-conjugate flavour-specific modes
is not present in the presence of mixing where both decays result in the same final state, which must
always be described with the “same” kinematic convention, in the sense of a convention that depends
only on the final state, without referring to the flavour of the decaying B meson (see Ref. [49]). The
convention chosen in Sec. 3.1 obeys indeed this requirement and it is thus an appropriate choice even
in the presence of mixing.
3.4 Time-dependent angular distribution of B → KS``
We can now add the effect of neutral-meson mixing. Indeed, in the case of B decays into CP-
eigenstates, where the final state can be produced both by the decay of B or B¯ mesons, the mixing
and decay processes interfere, inducing a further time dependence in physical amplitudes. These
time-dependent amplitudes are given by
AX(t) = AX(B(t)→ fCP `+`−) = g+(t)AX + q
p
g−(t)A˜X , (33)
A˜X(t) = AX(B¯(t)→ fCP `+`−) = p
q
g−(t)AX + g+(t)A˜X , (34)
where the absence of the t argument denotes the amplitudes at t = 0, i.e. in the absence of mixing,
and we have introduced the usual time-evolution functions
g+(t) = e
−imte−Γt/2
[
cosh
∆Γt
4
cos
∆mt
2
− i sinh ∆Γt
4
sin
∆mt
2
]
, (35)
g−(t) = e−imte−Γt/2
[
− sinh ∆Γt
4
cos
∆mt
2
+ i cosh
∆Γt
4
sin
∆mt
2
]
, (36)
with ∆m = MH −ML and ∆Γ = ΓL − ΓH .
In the presence of mixing, the coefficients of the angular distribution also depend on time, as
they involve the time-dependent amplitudes given in Eqs. (33),(34). This evolution can be simplified
by noting that CP violation in Bq − B¯q mixing is negligible for all practical purposes2, and we will
assume |q/p| = 1, introducing the mixing angle φ:
q
p
= eiφ . (37)
This mixing angle is large in the case of the Bd system but tiny for Bs, see Table 1.
The angular coefficients are obtained by replacing time-independent amplitudes with time-dependent
ones:
Gi(t) = Gi
(
AX → AX(t)
)
, G˜i(t) = Gi
(
AX → A˜X(t)
)
. (38)
We consider the combinations Gi(t)± G˜i(t) appearing in the sum and difference of time-dependent
decay rates in Eqs. (31), (32). From Eqs. (33), (34) and (38), we get
Gi(t) + G˜i(t) = e
−Γt
[
(Gi + G˜i) cosh(yΓt)− hi sinh(yΓt)
]
, (39)
Gi(t)− G˜i(t) = e−Γt
[
(Gi − G˜i) cos(xΓt)− si sin(xΓt)
]
, (40)
2The current world averages are |q/p|Bd = 1.0010± 0.0008 and |q/p|Bs = 1.0003± 0.0014. [70, 72]
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where x ≡ ∆m/Γ, y ≡ ∆Γ/(2Γ), and we have defined a new set of angular coefficients si, hi related
to the time-dependent angular distribution. The coefficients Gi, G˜i can be determined from flavour-
specific decays.
The expressions for si and hi are
s0 = 2Im
[
eiφ
[
4
3
(
1 + 2mˆ2`
)
h˜V h
∗
V +
4
3
β2` h˜Ah
∗
A + 2β
2
` h˜Sh
∗
S + 2h˜Ph
∗
P (41)
+
8
3
(
1 + 8mˆ2`
)
h˜Tth
∗
Tt +
4
3
β2` h˜Th
∗
T
]]
− 16mˆ` Re
[
eiφh˜V h
∗
Tt − e−iφhV h˜∗Tt
]
,
s1 = −4β`
(
2mˆ`Im
[
eiφh˜V h
∗
S − e−iφhV h˜∗S
]
(42)
+Re
[
eiφ[2h˜Tth
∗
S +
√
2h˜Th
∗
P ]− e−iφ[2hTt h˜∗S +
√
2hT h˜
∗
P ]
])
,
s2 = −8β
2
`
3
Im
[
eiφ
[
h˜V h
∗
V + h˜Ah
∗
A − 2h˜Th∗T − 4h˜Tth∗Tt
]]
, (43)
and
h0 = 2Re
[
eiφ
[
4
3
(
1 + 2mˆ2`
)
h˜V h
∗
V +
4
3
β2` h˜Ah
∗
A + 2β
2
` h˜Sh
∗
S + 2h˜Ph
∗
P (44)
+
8
3
(
1 + 8mˆ2`
)
h˜Tth
∗
Tt +
4
3
β2` h˜Th
∗
T
]]
+ 16mˆ` Im
[
eiφh˜V h
∗
Tt + e
−iφhV h˜∗Tt
]
,
h1 = −4β`
(
2mˆ`Re
[
eiφh˜V h
∗
S + e
−iφhV h˜∗S
]
(45)
−Im
[
eiφ[2h˜Tth
∗
S +
√
2h˜Th
∗
P ] + e
−iφ[2hTt h˜
∗
S +
√
2hT h˜
∗
P ]
])
,
h2 = −8β
2
`
3
Re
[
eiφ
[
h˜V h
∗
V + h˜Ah
∗
A − 2h˜Th∗T − 4h˜Tth∗Tt
]]
. (46)
The time-dependent angular distributions therefore contain potentially new information encoded
in the new angular observables si and hi, similarly to the ones derived in Ref. [49] for B → K∗`` and
Bs → φ``. These observables measure the interference between Bd-mixing and B → K`` decay, and
they contain therefore additional information compared to the time-integrated observables.
Let us stress that these observables are accessible by combining the angular distributions for
Bd(t) → KS`` and B¯d(t) → KS``, thus requiring flavour tagging. The coefficients hi seem very
difficult to extract, since they are associated with sinh(yΓt) with y vanishing at the current accuracy.
The coefficients s0 and s2 are associated with the CP asymmetry of angular coefficients: Gi − G¯i,
whereas s1 is associated with CP-averaged angular coefficients: G1 + G¯1. The information on New
Physics contained in the coefficients si will be the focus of the rest of this article.
3.5 Time-integrated observables
As discussed in Refs. [49, 73, 74], time integration should be performed differently in the context of
hadronic machines and B-factories. The time-dependent expressions in Eqs. (39) and (40) are written
in the case of tagging at a hadronic machine, assuming that the two b-quarks have been produced
incoherently, with t ∈ [0,∞). In the case of a coherent BdB¯d pair produced at a B-factory, one must
replace exp(−Γt) by exp(−Γ|t|) and integrate over t ∈ (−∞,∞) [73]. Interestingly, the integrated
versions of CP-violating interference terms are different in both settings, and the measurement at
hadronic machines involves an additional term compared to the B-factory case:
〈Gi + G˜i〉Hadronic = 1
Γ
[
1
1− y2 × (Gi + G˜i)−
y
1− y2 × hi
]
, (47)
〈Gi − G˜i〉Hadronic = 1
Γ
[
1
1 + x2
× (Gi − G˜i)− x
1 + x2
× si
]
, (48)
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〈Gi + G˜i〉B−factory = 2
Γ
1
1− y2 [Gi + G˜i] , (49)
〈Gi − G˜i〉B−factory = 2
Γ
1
1 + x2
[Gi − G˜i] . (50)
Making contact with experimental measurements requires to consider the total time-integrated
decay rate: 〈
d(Γ + Γ¯)
dq2
〉
=
1
Γ(1− y2)〈I〉 , (51)
〈I〉Hadronic = 2(G0 + G¯0 − y h0) , (52)
〈I〉B−factory = 2〈I〉Hadronic(h = 0) , (53)
where I is the usual normalisation considered in analyses of the angular coefficients. The factor of 2
arising from the time integration in the case of B-factories (correcting a mistake in Ref. [49]) comes
from the consideration of entangled BB¯ pairs, leading to twice as many possibilities to observe the
decay of interest compared to the hadronic case. The normalised time-integrated angular coefficients
at hadronic machines or B-factories are therefore:
〈Σi〉Hadronic ≡ 〈Gi + G˜i〉Hadronic〈d(Γ + Γ¯)/dq2〉Hadronic
=
(Gi + G˜i)− y × hi
〈I〉Hadronic , (54)
〈Σi〉B−factory ≡ 〈Gi + G˜i〉B−factory〈d(Γ + Γ¯)/dq2〉B−factory
= 〈Σi〉Hadronic(h = 0) , (55)
〈∆i〉Hadronic ≡ 〈Gi − G˜i〉Hadronic〈d(Γ + Γ¯)/dq2〉Hadronic
=
1− y2
1 + x2
× (Gi − G˜i)− x× si〈I〉Hadronic , (56)
〈∆i〉B−factory ≡ 〈Gi − G˜i〉B−factory〈d(Γ + Γ¯)/dq2〉B−factory
= 〈∆i〉Hadronic(h = s = 0) . (57)
We see that the interpretation of the time-integrated measurements 〈Σi〉 from dΓ(Bd → KS``) +
dΓ(B¯d → KS``) is straightforward in terms of the angular coefficients at t = 0. The smallness
of y means that hi will have only a very limited impact. The time-integrated terms 〈∆i〉 from
dΓ(Bd → KS``) − dΓ(B¯d → KS``) are subject to two different effects. On one side, they receive
contributions proportional to x corresponding to different combination of interference terms (in the
case of a measurement at a hadronic machine). On the other hand, they are multiplied (in all
experimental set-ups) by a factor (1− y2)/(1 + x2).
We see therefore that 〈Σi〉 contain essentially the same information as (Gi + G˜i), whereas 〈∆i〉
have a potentially richer interpretation due to the si contribution. This contribution can be separated
by comparing the time-integrated difference dΓ(B → K``)− dΓ(B¯ → K``) in the case with mixing
(Bd → KS``) and the case without mixing (B+ → K+``). We have indeed (neglecting y)
〈∆i〉KSHadronic ≡
〈Gi − G˜i〉KSHadronic
〈d(Γ + Γ¯)/dq2〉KSHadronic
=
(Gi − G˜i)− xsi
2(1 + x2)(G0 + G¯0)
(58)
leading to
〈∆i〉KSHadronic =
1
1 + x2
〈∆i〉K± − x
1 + x2
σi σi =
si
2Γ`
i = 0, 1, 2 . (59)
We have [70]
1
1 + x2
= 0.6284(24) ,
x
1 + x2
= 0.4832(6) , (60)
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showing that there is a good sensitivity to σi using time-integrated observables. We will show that in
the SM and in any NP extension with SM operators and chirally flipped operators, we obtain a very
precise prediction for the σi. Therefore, also the relation between 〈∆i〉KSHadronic and 〈∆i〉K
±
can be
predicted with high precision which is a very powerful and generic test of the structure of the operators
contributing (real, no scalars, no tensors). The use of time-integrated observables will certainly help
to increase the statistics and reduce the experimental uncertainties attached to these observables.
Let us however emphasise that a separation between dΓ(Bd → KS``) and dΓ(B¯d → KS``) is still
needed in this approach.
3.6 Extension to Bs → f0`` and Bd → KL``
Our analysis applies to any B → P`` decay where the initial neutral meson mixes with its antimeson
and the final meson is a spin-0 CP eigenstate.
In the present context, one may consider Bs → f0(980)`` with the same results and η(f0) =
η(KS) = 1. The mixing parameters are different from the Bd case since x is much larger (whereas
y is still very small), and the mixing angle φ = 2βs is very small [70]. In this case, the coefficients
hi are difficult to extract, since they are associated with sinh(yΓt) with y small, but at least not
vanishing. The si coefficients are certainly easier to access, but they are different from zero only if
there are large NP phases or large tensor contributions, which are not needed in the current global
fits to b → s`` transitions (see for instance Ref. [19]). Given the difficulty of identifying the scalar
f0 meson experimentally and the limited theoretical information available on Bs → f0 form factors,
it does not seem to be a very promising decay process to investigate time-dependent effects, and we
will not discuss this mode any further.
Another mode that could be considered is Bd → KL``. The opposite intrinsic parity of KL with
respect to KS means that G˜i = −ζiG¯i and
dΓ(Bd → KL``)± dΓ(B¯d → KL``)
ds dcos θ`
=
∑
i
[Gi ± G˜i]Pi(cos θ`) =
∑
i
[Gi ∓ ζiG¯i]Pi(cos θ`) , (61)
where the Gi (G¯i) are defined in terms of hX(Bd → KL) (h¯X(B¯d → KL)). In the absence of
CP violation, we would have Gi = −G¯i due to the different normalisation for hX(Bd → KL) and
h¯X(B¯d → KL). The discussion concerning time-dependent observables is unchanged. We see that
the most promising observables s0,1,2 can still be accessed through the difference dΓ(Bd → KL``)−
dΓ(B¯d → KL``). However, due to the additional experimental difficulties related to the identification
of the KL meson, we will focus on the KS case in the following.
4 New observables in Bd → KSµµ as probes of new physics
4.1 Real NP contributions to SM and chirally flipped Wilson coefficients
We will now consider the normalised observables
σi =
si
2(G0 + G¯0)
=
si
2Γ`
, ρi =
si
2(Gi + G¯i)
, i = 0, 1, 2 , (62)
where the normalisation comes from the CP-averaged decay rate Γ` = G0 + G¯0. We set y = 0 and
we will neglect the tiny weak phase in VtbV
∗
ts in the following.
We start by considering scenarios where NP enters only as real shifts to the Wilson coefficients
for SM and chirally flipped operators (C7,7′,9,9′,10,10′). This case includes naturally the SM, but it
also covers many NP scenarios currently favoured by global fits to b → s`` data [19]. In this case,
we have only contributions from the amplitudes hV , hA and hP . Neglecting the (tiny) weak phase
in VtbV
∗
ts, gives h˜V,A,P = −hV,A,P and Gi = G¯i (i = 0, 1, 2).
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The si observables then become very simple, leading to
ρ0 = ρ2 = σ0 = −sinφ
2
, σ1 = 0 . φ = −2β . (63)
We stress that these relations neither depend on a specific choice of form factors nor on assumptions
made on charm-loop contributions. The only hypothesis required is that NP enters as real contribu-
tions to the SM Wilson coefficients. Therefore, a measurement of these observables would constitute
a significant cross-check of the NP scenarios currently favoured by global fits to b → s`` data [19].
Moreover, the only parameter with a non-trivial but very small q2-dependence at the kinematic end-
points is σ2, such that the relations Eq. (63) can be checked by integrating over any kinematic q
2
range. On the other hand, a deviation from these values would constitute a very simple and powerful
test of the presence of scalar/tensor operators or that of CP-violating NP phases. We discuss these
two cases next.
4.2 Real NP contributions including scalar and tensor operators
Considering still real NP contributions, but adding possible scalar and tensor contributions, changes
the above situation. The expressions for Gi and si can be reduced in the following way (neglecting
m` effects for simplicity):
G0(= G¯0) ' 4
3
∣∣h¯V ∣∣2 + 4
3
∣∣h¯A∣∣2 + 2 ∣∣h¯S∣∣2 + 2 ∣∣h¯P ∣∣2 + 8
3
∣∣h¯Tt∣∣2 + 43 ∣∣h¯T ∣∣2 ,
G1(= G¯1) ' 0 ,
G2(= G¯2) ' −4
3
(∣∣h¯V ∣∣2 + ∣∣h¯A∣∣2 − 2 ∣∣h¯T ∣∣2 − 4 ∣∣h¯Tt∣∣2)
' −G0 + 2
∣∣h¯S∣∣2 + 2 ∣∣h¯P ∣∣2 + 8 ∣∣h¯Tt∣∣2 + 4 ∣∣h¯T ∣∣2 , (64)
leading to
s0 ' −2 sinφ
(
G0 − 4
∣∣h¯S∣∣2 − 16
3
∣∣h¯Tt∣∣2) ,
s1 ' 8 sinφ
(
−2Im[h¯Tt ]h∗S +
√
2Im[h¯T ]h
∗
P
)
,
s2 ' −2 sinφ
(
G2 − 32
3
∣∣h¯Tt∣∣2) , (65)
Observing how these observables depend on the different scalar, pseudoscalar and tensor contribution
allows us to define new observables separating these contributions:
RS ≡ 2
sinφ
(−σ2 + 2σ0)− F `H + 3 ' 16
|h¯S |2
Γ`
, (66)
RTt ≡
2
sinφ
σ2 + F
`
H − 1 '
64
3
|h¯Tt |2
Γ`
. (67)
These observables could be obtained from a joint study of the charged and neutral B → K`` decays.
Neglecting m`-suppressed contributions, RS and RTt allow for a neat separation of the scalar and
tensor contributions, contrary to the CP-averaged observables, and in this limit, these two observables
must be positive in the absence of NP complex phases.
The combination
RW ≡ RS + 3RTt =
4
sinφ
(σ0 + σ2) + 2F
`
H
=
2
sinφΓ`
[s0 + s2 + sinφ(G0 + G¯0 +G2 + G¯2)] ' 16
Γ`
[|h¯S |2 + 4|h¯Tt |2]
(68)
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is also interesting. It vanishes exactly in the limit where m` = 0 and CS = CP = CT = CTt = 0,
no matter what the values (real or complex) for C7,7′,9,9′,10,10′ . Indeed, in this limit, G0 = −G2,
G¯0 = −G¯2 and s0 = −s2, as can be checked explicitly from Eqs. (6), (41) and (43). One can thus
expect that the deviations of RW from zero should be rather sensitive to the presence of scalar and
tensor contributions.
When accounting for m` and the tiny imaginary part of Vts, these new observables do not vanish
any more in the SM. We give their SM values in Table 3 over the bin in q2 from 1 to 6 GeV2 using
the inputs specified in Table 1. SM predictions at different values of q2 or specific bins can easily be
obtained using the above equations. We give in Appendix 4 the results using alternative models for
the charm-loop contribution, showing a very good stability of our results with respect to the change
of model, covered by our theoretical uncertainties.
The sensitivity to NP scalar and tensor contributions of these observables is
RS = 0.028|CS + CS |2 ,
RTt = 0.019|CT + CT ′ |2 ,
RW = 0.028|CS + CS′ |2 + 0.056|CT + CT ′ |2 . (69)
Currently, the bounds on scalar contributions are quite loose. Ref. [29] suggest |CSµ| < 0.1 and
0 < CS′µ < 0.2 obtained for NP models containing also SM-like and chirally flipped operators with
real Wilson coefficients. We are not aware of studies giving bounds on tensor operators, probably
due to the fact there are currently no indication of a need for such contributions in global fits.
In order to illustrate the effect of new scalar or tensor contributions, we consider two NP scenarios
with CS = 0.2 and CT = 0.2, respectively. Although RS and RTt are in principle sensitive to scalar
and tensor operators, we see that the changes are rather small, as is expected from (69). The situation
is different for RW , which is constructed such that it vanishes exactly in the absence of scalar and
tensor corrections in the limit m` = 0. The SM value is different from zero due to m`-suppressed
corrections, but its value is known very precisely, and it deviates from this value when scalar and/or
tensor contributions are present.
Given the accuracy of the theory predictions, it seems thus possible to gain information on scalar
and tensor contributions from RS , RTt and RW if they are measured precisely, in complement with
the information provided by F `H .
4.3 Complex NP contributions
The equalities in Eq. (63) do not hold in the presence of complex NP contributions. In principle, these
contributions can be constrained by measuring Γ` and A`FB, but their effect in those observables is
suppressed by m`. Besides, such NP effects would show up in the direct CP-asymmetries A0 and A2
but due to the interferences between weak and strong phases in those observables the interpretation
is less clear. Moreover, as can be seen in Appendix A, hadronic uncertainties are significant for these
observables compared to their sensitivity to NP, so that it is difficult to interpret a deviation from
the SM expectations.
Our new observables si correspond to an interference between mixing and decay, and thus are
sensitive to NP phases coming from all the amplitudes hX and all Wilson coefficients. As an illus-
tration of the added power of these observables, we can use Ref. [28] where the following scenarios
obtain a good description of the data with the following best-fit points:
Scenario 1 : CNP9µ = −1.12 + i1.00 ,
Scenario 2 : CNP9µ = −1.14− i0.22 , CNP9′µ = 0.40− i0.38 ,
Scenario 3 : CNP9µ = −1.13− i0.12 , C9′µ = 0.52− i1.80 , CNP10µ = 0.41 + i0.13 , (70)
In these scenarios, we have still σ1 = ρ1 = 0, but the situation is rather different for the cases σ0,2.
The resulting predictions integrating over the bin in q2 from 1 to 6 GeV2 are given in Table 3 using
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Observable SM Scen. 1 Scen. 2 Scen. 3 CS = 0.2 CT = 0.2
σ0 0.368(5) 0.273(6) 0.402(5) 0.43(1) 0.368(5) 0.368(5)
σ2 -0.359(5) -0.266(6) -0.392(4) -0.415(9) -0.359(5) -0.357(5)
RS -0.107(4) 0.69(2) -0.39(2) -0.59(9) -0.105(4) -0.107(4)
RTt 0.035(1) -0.225(8) 0.128(7) 0.19(3) 0.035(1) 0.036(1)
RW × 102 -0.179(8) 1.09(4) -0.63(4) -1.0(1) -0.01(1) 0.04(3)
Table 3: Values of the observables in the SM, for the three different scenarios with new complex
Wilson coefficients defined in (70) and for the scenarios with CS(T ) = 0.2. All quoted values are for
Bd → KSµµ and are binned in q2 over [1, 6] GeV2. The inputs are taken from Table 1. A more
comprehensive list of results is given in Table 4. Values for other fixed q2 values of specific bins can
be easily obtained from our expressions.
in addition the inputs in Table 1, i.e. including m` = mµ and the imaginary part of Vts. In addition,
we give the values for RS , RTt and RW for the three NP scenarios in (70). We give in Appendix A the
results using alternative models for the charm-loop contribution, showing a very good stability of our
results with respect to the change of model. Moreover, our uncertainties cover the small changes in
the central values when we consider different models for the cc¯ contributions. The values in Table 3
serve as an illustration of the sensitivity of our observables to the three new physics scenarios: using
our expressions, values for different q2 ranges can be easily obtained. We note that the uncertainties
in Table 3 for σ0 and σ2 are fully dominated by the uncertainty on 2β.
We observe that although σ0 and σ2 are sensitive to the three NP scenarios, in fact RS and RTt are
even more sensitive. The deviations of the latter two observables from their SM expectation values
allows for a distinction between the three different NP scenarios, even once hadronic uncertainties
are taken into account. RS and RTt are thus interesting probes for these new weak phases, whereas
RW is still very small in these scenarios (it would vanish in the limit where m` vanishes).
We emphasize that the above scenarios only serve as a benchmark to indicate the sensitivity of
the observables to new phases. Once experimental measurements of these observables are available,
performing a more sophisticated NP analysis, including scalar, tensor and complex phases would be
interesting.
4.4 New physics benchmarking from Bd → KSµµ
We have seen that a time-dependent angular analysis of Bd → KSµµ leads to 6 new observables,
measuring CP violation in the interference between decay and mixing. Three of these observables
seem within the reach of current and forthcoming experiments, as they can be obtained from
dΓ(Bd(t)→ KS``)− dΓ(B¯d(t)→ KS``)
ds dcos θ`
= [G0 − G˜0](t) + [G1 − G˜1](t) cos θ` + [G2 − G˜2](t) 1
2
(3 cos2 θ` − 1) (71)
with the time dependence described in Eq. (40):
Gi(t)− G˜i(t) = e−Γt
[
(Gi − G˜i) cos(xΓt)− si sin(xΓt)
]
, (72)
We also showed that time-integrated angular observables could also provide a good sensitivity on the
coefficients s0,1,2, by comparing neutral and charge modes at hadronic machines. These observables
can be predicted accurately. Depending on the NP scenario, their theoretical predictions have little
to no sensitivity to the specific choices for the form factors or the charm-loop contributions.
These three observables can be combined with the usual angular observables for B → K`` to
obtain the observables σ0,1,2, ρ2 and RS,Tt,W defined in Eqs. (62), (66), (67) and (68), respectively.
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These quantities can be computed very precisely theoretically (see Table 3). If measured precisely,
these observables provide powerful probes for New Physics scenarios:
• Do σ0, σ1, ρ2 obey the simple relations in Eq. (63), directly related to Bd-B¯d mixing?
If yes, NP enters only the SM and chirally flipped operatorsO7(′),9(′),10(′) with real contributions,
in agreement with the NP scenarios currently favoured by global fits to b→ s`` data.
• Do σ0, σ2, RS and/or RTt deviate from their SM expectations?
If yes, it means that NP enters with imaginary contributions, odd under CP-conjugation.
• Does RW deviate from its SM expectation, but are σ0, σ2, RS and RTt close to the SM?
If yes, it means that NP enters through scalar and tensor contributions. Complementary
information is then obtained through F `H .
We thus see that the time-dependent angular analysis of Bd → KSµµ yields interesting observables
for the discrimination among NP scenarios, if they can be measured with a sufficient precision.
5 Conclusions
The recent measurements of b → sµµ transitions led to tantalizing hints of New Physics. It is thus
particularly important to probe these transitions with a higher experimental and theoretical accuracy,
but also to provide new modes and observables constraining NP scenarios in different ways.
One approach consists in using neutral-meson mixing and time-dependent analysis in order to
define new observables for Bd and Bs decays. This was applied to Bd → K∗µµ and Bs → φµµ
in Ref. [49]. In this article, we considered the same idea in the simpler case of Bd → KSµµ. The
charged mode B± → K±µµ has a much simpler angular structure, with only three observables which
provide interesting but limited constraints on scalar and tensor contributions. The hadronic inputs
(form factors and charm-loop contributions) are also much more simple to handle and analyse. We
discussed the benefits of a time-dependent angular analysis of this mode.
After recalling the formalism in the absence of mixing (charged case), we turned to the neutral
case. It required a careful definition of the kinematics of the mode to connect CP-conjugate decays
that are now related through Bd mixing into B¯d. A time-dependent angular analysis leads to 6
new observables, measuring CP violation in the interference between decay and mixing. Three
of these observables, denoted s0,1,2, seem rather promising, and they can also be obtained from
time-integrated angular observables by comparing neutral and charge modes at hadronic machines.
These 3 observables s0,1,2 have simple expressions in terms of the transversity amplitudes given in
Eqs. (41)-(43). They can be combined with the usual angular observables for B → K`` to obtain
the observables σ0,1,2, ρ2 and RS,Tt,W defined in Eqs. (62), (66), (67) and (68).
Very interestingly, we showed that σ0 and ρ2 are very precisely known in the Standard Model and
in New Physics scenarios with real contributions to SM and chirally-flipped operators. They depend
only on the Bd-mixing angle, i.e. the CKM angle β, see Eq. (63), and they are valid for any value
of the dilepton invariant mass q2. We stress that these predictions are very robust, as they hold
no matter what the assumptions on form factors and charm-loop contributions are. Therefore they
constitute very powerful probes of the NP scenarios currently favoured by the global fits to b→ s``
data.
We have then investigated two NP cases where these predictions are modified. We showed that
RS , RT and RW can probe other NP scenarios, namely scalar and tensor operators (with real con-
tributions) and complex NP contributions entering with a CP-odd “weak” phase. The sensitivity
of these observables to each scenario is different, and the theoretical uncertainties attached to the
theoretical predictions are small, which allows us to provide a benchmark of NP scenarios hinging
on the measurements of s0,1,2.
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In conclusion, the simplicity of the underlying B → Kµµ decay has allowed us to provide a
detail analysis of the flavour-tagged time-dependent analysis of Bd → KSµµ. These new observables
provide powerful cross checks of the various NP hypotheses. They may also contribute to global fits
to b → s`` in a useful way, providing constraints of a different type on the short-distance physics
encoded in Wilson coefficients. Due to the potential of b → s`` transitions to open windows of the
physics beyond the Standard Model, it is clear that the determination and measurement of new
observables will remain a topic of intense discussion both experimentally and theoretically in the
coming years, and we hope that Bd → KSµµ will contribute to the field in a useful manner.
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A Predictions for Bd → KSµµ observables in SM and NP scenarios
SM Scenario 1 Scenario 2 Scenario 3 CS = 0.2 CT = 0.2
Br × 108
O.E. 8.4± 1.5 6.8± 1.2 7.2± 1.2 7.4± 1.3 8.4± 1.5 8.4± 1.5
LCSR 7.9± 1.3 6.5± 1.0 6.9± 1.1 7.0± 1.1 7.9± 1.3 8.0± 1.3
PQCD 8.6± 1.4 7.0± 1.1 7.4± 1.2 7.6± 1.2 8.6± 1.4 8.7± 1.4
F `H × 102
O.E. 2.48± 0.04 2.50± 0.04 2.50± 0.04 2.48± 0.03 2.52± 0.04 3.05± 0.05
LCSR 2.49± 0.04 2.51± 0.04 2.50± 0.04 2.48± 0.03 2.53± 0.04 3.05± 0.05
PQCD 2.49± 0.03 2.51± 0.04 2.50± 0.04 2.48± 0.03 2.53± 0.03 3.05± 0.05
A0 × 102
O.E. 0 0.0± 2.3 0.0± 1.3 0.± 4. 0 0
LCSR 0 3.9± 2.1 −2.2± 1.2 −7.± 4. 0 0
PQCD 0 −1.285± 0.005 0.729± 0.003 2.27± 0.01 0 0
σ0 × 10
O.E. 3.68± 0.05 2.73± 0.06 4.02± 0.05 4.3± 0.1 3.68± 0.05 3.68± 0.05
LCSR 3.68± 0.05 2.77± 0.06 3.99± 0.04 4.15± 0.04 3.68± 0.05 3.68± 0.05
PQCD 3.68± 0.05 2.73± 0.06 4.03± 0.04 4.29± 0.01 3.68± 0.05 3.68± 0.05
σ2 × 10
O.E. −3.59± 0.05 −2.66± 0.06 −3.92± 0.04 −4.15± 0.09 −3.59± 0.05 −3.57± 0.05
LCSR −3.59± 0.05 −2.69± 0.05 −3.89± 0.04 −4.05± 0.04 −3.59± 0.05 −3.57± 0.05
PQCD −3.59± 0.05 −2.66± 0.05 −3.92± 0.04 −4.18± 0.01 −3.59± 0.05 −3.57± 0.05
RS × 10
O.E. −1.07± 0.04 6.9± 0.2 −3.9± 0.2 −5.9± 0.9 −1.05± 0.04 −1.07± 0.04
LCSR −1.07± 0.04 6.6± 0.2 −3.7± 0.2 −5.0± 0.5 −1.05± 0.04 −1.07± 0.04
PQCD −1.07± 0.04 6.9± 0.1 −4.0± 0.1 −6.2± 0.4 −1.05± 0.04 −1.07± 0.04
RTt × 10
O.E. 0.35± 0.01 −2.25± 0.08 1.28± 0.07 1.9± 0.3 0.35± 0.01 0.36± 0.01
LCSR 0.35± 0.01 −2.16± 0.06 1.21± 0.05 1.7± 0.2 0.35± 0.01 0.36± 0.01
PQCD 0.35± 0.01 −2.27± 0.05 1.30± 0.05 2.0± 0.1 0.35± 0.01 0.36± 0.01
RW × 102
O.E. −0.179± 0.008 1.09± 0.04 −0.63± 0.04 −1.0± 0.1 −0.01± 0.01 0.04± 0.03
LCSR −0.179± 0.008 1.05± 0.03 −0.60± 0.03 −0.83± 0.08 0.000± 0.009 0.05± 0.03
PQCD −0.179± 0.008 1.10± 0.02 −0.65± 0.02 −1.01± 0.07 −0.013± 0.008 0.03± 0.03
Table 4: Bd → KSµµ observables integrated from 1 − 6 GeV2 for different parametrisations of the
cc¯ model contribution associated with C9 (Our Estimate (O.E.), Light-Cone Sum Rules (LCSR),
Perturbative QCD (PQCD)). The results are given in the SM case, for several NP scenarios with
weak phases (Scenarios 1,2,3) and with contribution to scalar and tensor contributions (CS , CT ).
We give in Table 4 our predictions for the various observables of interest, integrated over the
bin [1,6] GeV2 for the dimuon invariant mass. We compute their values within the SM and several
different scenarios of NP, described in Secs. 4.2 and 4.3.
We take into account the various sources of uncertainties (CKM, form factors, charm-loop contri-
butions) and combine them in quadrature. We illustrate the impact of the model used for charm-loop
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contributions by considering three models described in Sec. 2.2:
• O.E.: Our estimate, corresponding to Eq. (14),
• LCSR: A range inspired by the Light-Cone Sum Rule Estimate of Ref. [64], given in Eq. (11),
• PQCD: The short-distance charm-loop contribution obtained from perturbative QCD, illus-
trated in Eq. (12), without attaching any uncertainty to the result.
As can be seen, our estimate is conservative as far as uncertainties are concerned. These uncertainties
cover the central values of the other two models, and they do not hinder the discrimination among
different NP scenarios for σ0, σ2, RS , RTt , RW .
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